Abstract. Piezoelectrically driven inkjet printing is widely used in many applications. In this paper, the droplet formation process in a piezoelectric inkjet printing system is studied numerically. The finite difference projection method and the coupled level set method are used. The incompressible Navier-Stokes equation is applied to the two-phase flow model, considering the surface tension, interface density jump and the driving action of the circuit on the flow field. The effects of frequency of the driving pressure and the surface tension coefficient of the droplets are demonstrated. The simulation results will be helpful for the realization of the actual inkjet printing system and the reasonable selection of its process parameters.
Introduction
The rapid development of inkjet technology started off around the late 1950s [1] . Inkjet printing became a viable technology with the dawn of the computer age [2] .Inkjet printing encompasses a variety of methods in which drops of ink or other liquids are ejected from a small nozzle [2] .Piezo-driven inkjet printing has the advantages of fast reaction speed, strong control of ink, and long life of the nozzle. Therefore, it is widely used in various printing fields. The inkjet process is crucial for the print quality. Many factors should be considered in the analysis of inkjet process, such as the viscosity of the ink fluid, the effect of surface tension on the droplet formation, separation and ejection. In recent years, many researchers have investigated the inkjet process by numerical simulations and experiments. Several numerical simulations of the Newtonian ink jet process have been performed in recent years [3] .
The ink droplets have a free moving interface during the inkjet printing, involving the interaction of multiphase fluids when the surface tension is relatively large. The level set method is a good way to deal with the problem with a moving surface. We use level set method for tracking the fluid interface boundaries, coupled to projection methods to solving the associated fluid flows [3] .These techniques recast interface motion as a time-dependent Eulerian initial value partial differential equation [3] .
Numerical Simulation of Inkjet Droplet Forming Process

Nozzle Model and Pressure
We use the typical structure of an ink jet nozzle in the Figure 1 . The actual geometric model is axisymmetric and is not drawn to scale. The dynamics ofincompressible flow through the nozzle, coupled to surface tension effects along the ink-air interfaceand boundary conditions along the wall, act to determine the shape of the interface as it moves [4] .
To numerically simulate an inkjet, one needs to prescribe a velocity or pressure at the inflowto the nozzle [4] . The ink flow rate and pressureare first taken as dependent variables [4] . By solvingthe equivalent circuit and the flow equations in turn, one simulates a real ink jet [4] .
We use the driving voltage in the figure 2. 
Calculation Method
In the present work, the inkjet printing is numerically studied by using the finite difference projection method and the coupled level set method on rectangular grid [4] .The incompressible Navier-Stokes equation is applied to the two-phase flow model, and the surface tension, the density jump on the interface and the driving action of the circuit on the flow field are considered [5] . It is a simulation analysis of the whole process of piezoelectric inkjet. The computational grid used includes rectangular and quadrilateral meshes. The research of the inkjet process has been based on the level set method.
Governing Equations
The governing equations are expressed as follows [1] . The two-phase flow consists of fluid #1(ink) and #2(air). The densities and viscosities of air and ink are denoted respectively by ρ i , μ i , i=1, 2. The governing equations are composed of the continuity equation and Navier-Stokes equations.
is the strain-rate tensor. The density ratio, viscosity ratio, Reynolds number and Weber number are expressed as
Re =ρ 1 UL/μ 1 ,
In the above,U is a speed scale, L is a length scale, and σ is the surface tension coefficient. Because the interface moves with the fluid,the evolution of the level set is determined by /0 tu      (7) Because of the interface moving advectively, we choose this form.Since Eqs. (1) and Eqs. (2) are represented by the vector natation, which assume the same form in Carte-sian coordinates and axisymmetric coordinates. In the computation, we use the code and the parameters based on the those by Yu [3] . Numerical simulation is carried out by using water as the basic liquid and changing its surface tension and driving pressure.
Influence of Ink Characteristics and Driving Pressure on Droplet Formation Process The Surface Tension of Influence of Ink
The droplet formation is obviously affected by the surface tension. In the following, the surface tension effect on droplet formation is studied (see Table 1 ). Other parameters of ink drops are as follows: the mass density of ink droplets is 1.07e-6 Kg/mm 3 , while the dynamic viscosity of the ink droplet is 3.5e-6 Pa·s. It can be seen from Figure 3 that a smaller surface tension leads to a faster droplet jet speed, and a longer liquid column. The formation of spherical droplets becomes more difficulty.
The Effect of Drive Pressure on the Ink
In the following, we study the effect of the frequency of driving pressure on the formation of droplets. When we change the frequency, we fixed the surface coefficient of the droplet to be 0.040[N/m]. Since the droplets ejected at this time are small spherical, they are suitable for ink jet.
As can be seen from Figure 4 , the frequency of pressure A is 6/5 times that of pressure B, while the frequency of Pressure C is reduced to 5/6 of Pressure B, and the frequency of Pressure D is reduced to 10/13 of Pressure B. As can be seen from Figure 5 , when the frequency becomes larger, the droplets will eject at a slower speed, but smaller spherical droplets is formed. If the frequency becomes smaller, the droplet will drag out a longer tail. Interestingly, a higher the frequency does not always lead to a slower droplet ejection speed, and the relationship between the frequency and speed is not linear.
Conclusion
The simulation results show that the surface tension coefficient can affect the length of the tail of the droplet. For actual inkjet printing, the droplets have the best spherical effect. When the frequency changes, there is a nonlinear relationship between the frequency and inkjet speed, which has a great effect on the droplet formation. So in actual inkjet printing, the frequency should be carefully selected.
